Creagrus throughout this paper--was little known until a series of papers by Moynihan (1962), Hailman (1964aHailman ( , 1964bHailman ( , 1965, Snow and Snow (1967, 1968) 
MORPHOLOGY
Creagrus is a medium-sized gull. During the breeding season its plumage is a striking white with very dark gray head and neck; it has a bill with pale tip, a white forehead, red legs, gray mantle, and large white wing patches. In nonbreeding plumage the hood is lost except for an ill-defined dark area around the eye and a slight collar. Two individual birds (one twice) returned to Plaza at the start of a breeding season while still in nonbreeding plumage but attained the full breeding dress before actually commencing breeding. Most birds started the molt of the head and hood when feeding young.
The juvenile plumage is brownish-black and white ( Figure 1 ) and presumably the young molt soon after leaving the colony as the plumage is by then often worn. The intermediate immature plumage, if any, has not been described but must be passed at sea as even nonbreeding birds at the colonies are in fully adult plumage. I did see three breeding birds with black marks on normally all-white feathers, two with marks on the Although gulls are widespread in many habitats, Creagrus appears to be the only species to feed entirely by night. This behavior was hinted at by Gifford (1913) , and Moynihan (1962) thought that the relatively enormous eyes and the diet of squid suggested nocturnal feeding. Hailman (1964b) discussed the species' adaptations to a nocturnal existence and noted that 17 birds regurgitated squid on being caught on Tower; once he saw a fish fed to a young on Plaza. Snow and Snow (1967) found that food consisted entirely of clupeoid fishes (37 remains) and squids (12). Several fish were referred to Sardinops sp. and the squids to Symplectoteuthis oualaniensis.
Regurgitated food I collected on Plaza consisted of 9'6 fish and 36 squid and on Tower of 5 squid and a single fish. This difference between the colonies is probably valid as only a handful of the hundred pellets regurgitated by the gulls on Tower contained fish bones. On Plaza the proportion of squid in the diet varied considerably (Table 2) M. R. Clarke has kindly identified some of the squid remains and has estimated the weights of the prey (Table 3) . A surprising feature was the large size of some of the squids. That all these squids were taken as carrion is unlikely with so many other scavengers present, so presumably the gulls killed them and ate them piecemeal. The majority of the fish were clupeoids up to 200 mm long, but flying fish, including a flying garfish, were also recorded.
As first noted by Streets (1912), the species is pelagic outside the breeding season, but my little evidence on the feeding of young (below) suggests that the breeding adults feed near the colonies. Figure 2 shows the distribution and approximate sizes of the Gal/•pagos Creagrus colonies. I suspect the total population is probably in the region of 10,000 pairs, a figure reached independently by IAv•que (1964) . Although the birds avoid the colder, and richer, waters in the west of the archipelago, the colonies are widely spread among the islands and are reasonably small except where nesting areas are scarce in relation to potential feeding areas, that is on the fringes of the archipelago. Possibly each of the colonies rarely coexist. Certainly during the hours following dawn any adult Creagrus that left the shelter of the cliffs was mercilessly chased by frigates, which also tried to dislodge fledged young from the cliffs, whereas during the late afternoon and evenings, when the adults frequently roosted on th'e flat top or on the sea, they were not molested. Even at night the gulls were not entirely safe, as frigates were seen occasionally patrolling the cliffs at full moon.
Another possibility is that the nocturnal habits evolved in response to interspecific competition for food, as the Red-billed Tropic-bird (Phaethon aethereus), which feeds by day, appears to take fish and squids very similar to those eaten by the gulls, though probably from farther afield. The tropic-birds would seem better adapted for diurnal pelagic feeding as plunge-diving enables them to catch prey well below the surface of the sea, whereas gulls are restricted to prey very close to the surface.
BREEDrBIG BIOLOGY
The Plaza Islands are two islets of basaltic lava about 400 yards off the eastern tip of Santa Cruz (= Indefatigable). Both have numbers of seabirds, but, apart from regular checks on North Plaza, all observations were made on the southern island, which is called Plaza throughout this paper. South Plaza is about 800 yards long by an average of 150 yards wide with the long axis runni.ng approximately east-west. On the very sheltered northern shore the island slopes gently into the sea; the southern edge, exposed to the prevailing wind and swell, has cliffs mainly 30-60 feet high, decreasing to 10 feet at the ends of the island. All but a few gulls nested Except for a few in the first 3 months, all nests found were given a number painted on the rock or on a stake alongside and the positions marked on a map. Data on nest site, situation, and exposure to sea and aerial predators were recorded; all accessible eggs were measured and a series of chicks was weighed every month. Adults were marked with numbered monel rings and some with individual plastic colored rings. In all we marked 167 adults and caught 53 birds that R. L•v•que and the Snows had marked previously.
THE BREEDING CYCLE
It has been known for some time (Murphy, 1936) that Creagrus nests in all months of the year, suggesting that conditions are equally favorable or unpredictable for breeding at all times, but only recently have Snow and Snow (1967) demonstrated that successful pairs attempt to breed every 10 months while unsuccessful birds try even more frequently.
In the present study dates of laying were known for 120 successive layings by ringed birds (Table 4) Treating Plaza as a unit shows considerable peaks and troughs of egglaying (Figure 3 ), but even within one of these troughs some subcolonies There can be little doubt that the varied and noisy displays of the gulls bring about this synchrony, but it is unlikely that this synchrony is just an inevitable concomitant of social nesting (Nelson, 19'68a), so presumably it has some definite advantage, possibly against predation or cleptoparasitism by frigate-birds (see below).
PRE-EGG STAGE
Observations on color-ringed birds indicated adults were away from the colony between breeding cycles an average period of 140 days (65 observations, range 65-225 days). This is not significantly longer (P > 0.05) than the average of 129 days Snow and Snow (1967) found. Returning birds were always first seen at the subcolony, and apparently pair formation and copulation occurred there. One male, whose mate died the day after laying, remained at the site and attracted another female that laid about 6 weeks after the first died. There are no gatherings similar to the "clubs" found in other gulls where pre-and nonbreeders gather just outside the colony. The only flocks of Creagrus ever seen were when birds were forced off some cliffs by rough weather, or when bathing, or when gathering prior to leaving for fishing in the late evening. Snow and only two brood patches. Among the many thousands of Creagr•s nests I examined only three had two eggs. In one case a pair had taken over and laid an egg in a scrape already holding an addled and deserted egg, in another an egg had rolled down from a nearby nest, but the third was probably a true instance of a female laying a c/2. This pair, with a nest in a rocky area several yards from the nearest neighbor, had an empty nest one visit and two eggs a week later. As no other bird was ever seen near the nest site and birds jealously guard the nest from long before laying, probably one female laid both eggs. Unfortunately one of the eggs failed to hatch, but another young was added to the nest when the MICUAEL P. HARMS [Auk, Vol. 87 other egg hatched and the pair reared two young. Snow and Snow (pets. comm.) also noted a c/2 laid in one nest; this site was not far from the nest I observed and could refer to the same female. Thus the species seemingly does, extremely rarely, have a two-egg clutch.
In some gulls, such as the Great Black-backed Gull (L. marinus), L. argentatus, and L. fuscus, a few ovarian follicles, often four, enlarge greatly before laying, but only three ovulate, the fourth acting as an insurance against loss of the first egg when it can quickly produce a fourth egg (Paludan, 1951; Harris, 196.4). If, starting with the first egg, all eggs are taken as soon as laid, gulls have been known to lay up to 16 eggs (Salomonsen, 1939). In Creagrus only a single follicle enlarges and, if the single egg is lost immediately after laying, another egg cannot be produced for about 18 days. Table 6 presents some comparative data on follicle sizes.
The single egg, similar in color and shape to other gull eggs, is usually laid at night though a few are certainly laid during daylight. Eggs showed no significant (P > 0.05) monthly differences in measurements (Table 7) (Nelson, 1968a) .
Some birds replaced a lost egg, often but not always in the same nest, but this was not usual. Of 148 lost eggs in nests followed dosely, 9 were definitely replaced (as one of the pair were ringed) and 21 probably (in same nest but neither bird of the pair ringed); of 56 pairs losing newlyhatched young, two definitely and one possibly relaid. Thus no more than 20 per cent replaced lost eggs. The average gap between loss of an egg or chick and relaying was 23 days (range 18-30, SD 3.7) for definite replacements and 25 days (11-44, SD 7.3) for possible replacements. Some of the possible cases of relaying were doubtless new pairs, as in five cases nests losing eggs were occupied by another pair soon after, and in one of these cases the gap in laying was only 10 days. In two other nests where young had hatched and were still alive, new pairs laid within a few weeks. This pattern of replacement-laying differs from that noted by Snow and Snow (1967). They found that lost and deserted eggs were regularly replaced after intervals of usually 30-50 days, but some of their presumed relayings were probably by new pairs. Little information was obtained on incubation spells, but they appeared usually to be quite short and certainly most birds were able to feed each night. There was no pre-or postlaying exodus of females from the colonies, which might have indicated a strain on the female in producing the egg. One nest had three adults taking turns incubating.
Simple experiments showed that incubating birds with eggs would retrieve eggs placed 6 inches or so outside the nest, usually by rolling them with the ventral edge of the bill, as Tinbergen (1953) describes for L. argentatus, but sometimes the bird squatted with the front of the breast over the egg and then moved backward onto the nest. Two separate birds were given the choice of their own egg or a strange egg placed one on either side of the nest; both retrieved both eggs. Similarly a bird given the choice of its own egg or a c/2 brought all three back to the scrape. Chicks were weighed periodically to obtain growth curves and daily for estimates of feeding frequencies and feed sizes. Chicks were not weighed in the morning as they usually regurgitated, so feeding frequencies and feed sizes are related to daily changes in body weight (Table 8) , but the individual prey items were so large that these weighings probably give a reasonable indication of feeding. Young never appeared to be seriously short of food, and the growth curves for young hatched at various times are similar (Figure 6 ). Though adults and young appeared to leave the colonies at the same time, parental feeding could hardly be prolonged Adults were difficult to catch before laying started, but four birds handled at this time were still growing the outer primaries. None of these birds commenced breeding until the molt was completed and all birds, including nonbreeders, had a complete molt between successive cycles at the colony.
After hatching the brood patch'es grow over, which also happens in some birds incubating addled eggs, and a general body molt takes place, which MXCH^EL P. H^v.•S [Auk, Vol. 87 is very noticeable on the head (Figure 1 ). Only once did I see a bird at the colonies growing rectrices.
NESTING SUCCESS
Nesting success in relation to month of laying, omitting nests involved in experiments, is shown in Table 9 . In a few instances it was uncertain whether an egg was lost near hatching or actually hatched and the young was then lost. Birds able to fly freely were considered to have fledged, and very few of these died before leaving the island. Replacement eggs are included, as the success rate was similar to that of normal eggs. Causes of failure were sometimes difficult to determine but the figures obtained for egg losses were: 85 lost without trace, 77 addled, 33 washed away by sea, 8 rolled out of nest, 8 died during hatching, 5 squash•ed by incubating bird, 5 never incubated, 5 destroyed by sea lions, 4 dented, 2 broken by falling stones, 2 taken by L. ]uliginosus, and 1 adult died. Young usually just disappeared, but 6 were washed away by the sea, 3 fell over cliffs, 2 dislocated wings, 2 were eaten by Short-eared Owl Asio (flammeus) galapagoensis, and 2 died apparently of starvation. Predation appeared to be slight though the owl took a few, as probably did the egret (Casmerodias egretta) and Gray Heron (Ardea herodias), both of which the gulls mobbed. Frigate birds doubtless took some small young but were uninterested in eggs, as four I placed on exposed rocks remained untouched for several weeks. Cannibalism was unrecorded, nor were any young seen to be killed when wandering, or chased accidentally, into a strange territory. A proportion of the failed eggs were deserted and/or addled, and these were left in case they affected the occupation of the site by other pairs. Of eggs later opened, 26 had signs of development and 15 did not. Egg losses were equally spread throughout the incubation period, whereas the majority of chick losses occurred within the first few days after hatching. In extremely few species does breeding occur throughout the year at a less than annual interval and birds in individual groups breed synchronously. 1966 and January-February 1967. In the former period most of the losses were during the egg stage (some to the sea) while in the latter some chicks failed to survive, though this was not correlated with any marked decrease in feeding of the young that were weighed. March and April 1967 were the only months when I noted starvation as a cause of death in young, but even at this time several pairs managed to raise two young (provided experimentally). Although a high proportion of the losses were due to addled eggs, this was no more important than in L. argentatus and L. fuscus (Paludan, 1951 , Harris, 1964 . At the time I thought that eggs laid in a subcolony after the peak of laying were the most frequently deserted but analysis of the results has failed to confirm this.
Nesting success was considered in relation to nest site, colony density, and date of laying within a subcolony (Table 10 ). The last factor had no effect and is not discussed further. Nest sites were classified as to exposure to aerial predators, whether on the flat top of the island, on cliff ledges, or among or on boulders, areas subject to wave action being excluded. Nest site had no effect on hatching success, but chicks on the top of the island had a significantly lower fledging rate than those from other areas. Snow and Snow (1967) found that nests on the exposed top of the island were invariably unsuccessful unless near places where chicks could shelter. Predation is probably the important factor here where it must be harder for adults to protect their young than on ledges or among boulders.
Density of nests of birds nesting on cliffs or among boulders is extremely difficult to measure, but it was possible to classify subjectively five colonies among boulders as dense (in coves with nests usually closer than 6 feet although sometimes separated by boulders), less dense (in a cove but with an obviously lower density of nests), and very low (spread over about 200 yards of reasonably straight coast with nests up to 30 feet apart but all synchronized as a subcolony). There was no relation between colony density or position of nest within the colony and nesting success, and even isolated nests, as long as not on the exposed top of the island, were frequently successful. Nor did pairs from dense colonies show any tendency to return and breed earlier than isolated pairs. In L. ridibundus, Patterson (1965) showed that birds breeding in the center of a gullery had a higher nesting success than those at the fringe, while the few breeding outside the colony produced very few young; also that pairs laying during the peak of nesting had the highest nesting success. Neither of these points could be shown in Creagrus possibly because in L. ridibundus, as in L. argentatus and L. fuscus (Harris, 1964) , predation and cannibalism caused most losses.
Most discussions on the advantages of synchronous breeding (e.g. Darling, 1938) have been concerned with the effects of predation and, although this certainly occurs in Creagrus, it is difficult to believe that it is of more importance than the disadvantage inherent in competing for food in a synchronously breeding colony of inshore feeding birds. In this species it could be important as a protection against cleptoparasitism, and to a lesser extent predation, by frigate-birds during times of food shortage. Immature birds returned to the colonies in fully adult plumage and soon took up residence in a subcolony and defended a territory, but few built nests in their first season. One bred during its second season at the colony but the majority did not. On average birds probably breed after spending four breeding seasons away from the colonies and two more at the colonies as prospecting birds, i.e. when almost 5 years old.
To judge from studies made on tropical seabirds on Ascension Island by the B.O.I•. Centenary Expedition (in Ibis, 103b: 1962-63) and in Gal•pagos (pers. data on food shortages in several species) it is unlikely that conditions in Gal/tpagos are as uniformly favorable as they appear to have been during the present study. Periodic food shortages might well reduce the production of young and perhaps the survival of adults. In 1965 a periodic change of oceanic currents ("El Nifio") that caused a large scale die-off of guano birds in Peru also affected the Gal&pagos, but it appears to have had little influence on the Creagrus adult survival, for it is difficult to envisage a much higher adult survival than the 97 per cent indicated by the birds the Snows ringed prior to this and I retrapped later.
Sm•mc^•cE oF T•E S•CLE-ECC CLr:TC•
Although Creagrus is unique among gulls, a single-egg clutch is common among many groups of seabirds, as Sternidae (several species), the Sulidae (two species), Procellariiformes (all), Fregatidae (all), Phaeth'ontidae (all). Lack (1954, 1967) , supported by many workers such as Ashmole (1963) , argues that either the adults cannot collect enough food to produce more than one egg, or that this is the most productive clutch size, some factor, presumably food, acting so that young in larger broods either die in the nest or have a lower postfledging survival. The tendency to lay more than one egg would then be soon eliminated from the population. On the other hand, Wynne-Edwards (1962) interprets the data on clutch size and deferred maturity in many seabirds as factors restricting the number of young recruited to the breeding population. In theory it is quite feasible to test these hypotheses by giving adults larger than normal clutches, but in practice it has proved exceedingly difficult to eliminate all the variables. Some Creagrus pairs were given additional eggs to test if they could hatch more than the normal clutch. Some of the added eggs were known to be addled before being added to newly laid eggs, others were freshly laid and taken from nests used for repeat laying experiments. Of 31 living eggs 16 hatched (52 per cent), which was not significantly lower (P > 0.05) than the hatching of normal eggs (65 per cent). Therefore the species appears not to need the two brood patches to incubate its single egg, but this is to be further tested by eliminating one brood patch and looking at survival of single-egg clutches.
Thirty pairs, with laying dates spread throughout the study, were given an additional young on the hatching of their own egg. Of these 60 young, (Table 11) . As the growth' curves and wing length curves ( Figure  8 ) and the feeding frequencies and feed sizes (Table 8) show these twins grew as well as single young, the parents were presumably able to bring twice the normal food to the nest. The parents of some of these twins were caught; they showed no loss of weight and their feathers were in good condition. No adult was known not to have survived to breed again, so presumably this additional burden did not affect their survival. Unfortunately several aspects of these experiments cannot be resolved. It is conceivable that the female cannot obtain sufficient food to produce more than a single egg at one time, which might explain the low incidence of replacement layings and the long intervals between the loss of an egg and the replacement. However as many adults are feeding young when others are forming eggs, and the female receives much food from the male during courtship (for discussion see Royama, 1966) , it is unlikely that food shortage prevents the laying of a second egg; I have no information on the requirements of other materials, but it would seem an unlikely explanation. The survival of these young after fledging is not known, and could conceivably be lower than that of single chicks if (again I think it unlikely) adults feed the young for long after they leave the colonies.
Similar , and the Manx Shearwater (Puffinus puffinus) (Harris, 1966) . In all but the last species the production of young was much lower than normal and in another species, P. lherminieri, the adults had difficulty in feeding even the single young . The evidence for P. puffinus is confusing. In one season the production of young from pairs with two young was much lower than the normal controls, but in the next season, and a much larger sample, the fledging success of individual young from broods of one or broods of two was almost identical. In this species it has been possible to follow the postfledging success as shown by the numbers o.f young later returning to the colonies. In both years it appears that postfledging survival was similar in both normal and experimental birds. Therefore it seems that this species can, at least in one year, successfully raise more than the normal one young.
The evidence available on the significance of clutch-size in these long- 
SUMMARY
The Swallow-tailed Gull (Creagrus ]urcatus) was studied at a colony of about 400 pairs on Santa Cruz, Gal/tpagos from November 1965 to July 1967. The species is an atypical gull in feeding at night, laying only a single egg as a clutch, and breeding at less than annual intervals, 9 months for successful birds and even less for birds losing eggs. Food is entirely fish and squids, some heavier than the birds, with the proportions varying with time and place. The distribution and sizes of the colonies and the few data on times of feeding of the young suggest that the birds feed young from a food source reasonably close to the colonies.
Within any large colony are several subcolonies with birds breeding synchonously, but subcolonies are often out of phase with each other. Similarly there are unreleated peaks of breeding on different islands at different times. External factors could not be shown to be primarily responsible for synchronizing breeding.
Although one egg is the normal clutch, one female probably laid two eggs. Examination of the ovaries of a few birds showed that only a single follicle enlarged greatly before laying. Repeat eggs, which were not common, were not laid until about 3 weeks after the loss of the first egg.
Replacement of the primaries started when birds were feeding young and continued until the start of the next breeding cycle. Apart from the low fledging success of birds hatched on the flat cliff tops, nesting success was not affected by nest site, time of laying within the spread of laying in a subcolony, or colony density. The advantage of synchronous breeding was not clear but might offer protection against frigate birds.
Survival of breeding adults from one season to the next was about 97 per cent and young birds did not normally breed until at least 5 years old. Experiments showed that adults could successfully incubate two eggs and
